The objective of this study was to explore whether calcium (Ca) levels in drinking water modified the effects of nitrate on colon cancer risk. A matched case-control study was used to investigate the relationship between the risk of death from colon cancer and exposure to nitrate in drinking water in Taiwan Supply Corporation (TWSC). The municipality of residence for cases and controls was assumed to be the source of the subject's NO 3 -N and Ca exposure via drinking water. We observed evidence of an interaction between drinking water NO 3 -N and Ca intake via drinking water. This is the first study to report effect modification by Ca intake from drinking water on the association between NO 3 -N exposure and risk of colon cancer mortality.
INTRODUCTION
Nitrate in drinking water originates from numerous natural and man-made sources, including waste waters and agricultural and urban runoff. Nitrogen fertilizer is the largest contributor to anthropogenic nitrogen globally and has been implicated as an even more important source of drinking water nitrate in rural areas (Fields ) . The US Environmental Protection Agency (EPA) has established a maximum contaminant level (MCL) in drinking water of 10 mg/L as nitrate-N to protect infants from developing methemoglobinemia (Ward et al. ) . However, the effectiveness of this regulatory limit for preventing other health risks such as cancer has not been adequately studied (De Roos et al. ) .
Nitrate may act as a procarcinogen, interacting with amines and amides in the stomach to form a variety of N-nitroso compounds (NOC) (nitrosation), most of which are potent animal carcinogens (Tricker & Preussmann ) , after reduction of nitrate to nitrite in saliva (Walker ) . Several studies support a direct relationship between nitrate intake and endogenous formation of NOC. High We have previously reported a protective effect of Ca intake via drinking water against colon cancer (Yang et al. a) . However, none of the previous studies has explored whether Ca levels in drinking water might modify the association between NO 3 -N exposure and health outcomes. If substantial effect modification by Ca levels in drinking water exists, the true magnitude of the association between NO 3 -N exposure and colon cancer may be obscured. Furthermore, better knowledge of the modifying factors will help in public policy-making, risk assessment and standard setting.
The objective of this study was to explore whether Ca levels in drinking water modify the effects of NO 3 -N on colon cancer risk.
MATERIALS AND METHODS

Study area
Taiwan is divided into 361 administrative districts, which will be referred to herein as municipalities. These are the units that will be subjected to statistical analysis. Excluded from the analysis were 30 aboriginal townships and 9 islets which had different life-styles and living environments (the diets of people in these municipalities are generally rich in fiber, antioxidants and nitrosation inhibitors, which may yield beneficial properties and act in a way against colon carcinogenesis). This elimination of unsuitable municipalities yielded 322 municipalities.
Socioeconomic factor
Each municipality in Taiwan was assigned to a degree-of- 
)
were also excluded from the control group because of previously reported associations with nitrate or NOC exposure. Control subjects were pair matched to the cases by gender, year of birth and year of death. Each matched control was selected randomly from the set of possible controls for each case. The most frequent causes of death amongst the controls were diabetes mellitus (12.3%), chronic liver disease and cirrhosis (7.2%), breast cancer (3.6%), acute myocardial infarction (3.6%) and motor vehicle traffic accidents of unspecified nature (3.5%).
Nitrate-nitrogen (NO 3 -N) and Ca levels
Information on the levels of NO 3 -N and Ca in each municipality's treated drinking water supply was obtained from the Taiwan Water Supply Corporation (TWSC) (TWSC/ROC ), to which each waterworks is required to submit drinking water quality data including the levels of nitrates and Ca. Four finished water samples, one for each season, were collected from each waterworks. The samples were analyzed by the waterworks laboratory office using standard methods (cadmium reduction method and spectrophotometric method, respectively). Since the laboratory office examines nitrate and Ca levels on a routine basis using standard methods, it was thought that analytical variability was minimal. Among the 322 municipalities, 70 were excluded as they had more than one supply of drinking water and the exact population served by each could not be determined. Their details are provided in earlier publications (Yang et al. , ; Yang ) . The final complete data comprised NO 3 -N and Ca data from 252 municipalities. Ca remains reasonably constant for long periods of time and is quite a stable characteristic of a municipality's water supply (Bell & Doege ) . Data collected were the annual mean levels of NO 3 -N and Ca for the year 1990.
The municipalities of residence for all cases and controls were identified from the death certificate and it was assumed that drinking water was the source of the subjects' nitrate and Ca exposure. The levels of NO 3 -N and Ca of each municipality were used as an indicator of exposure to NO 3 -N and Ca for an individual residing in that municipality.
Statistics
In the analysis, the subjects were categorized into one of the three NO 3 -N exposure categories: low (the lowest 50th percentile among controls; <0.38 ppm); medium (50th-75th percentile among controls; 0.39-0.57 ppm); and high (above the 75th percentile among controls; 0.60-2.86 ppm). Conditional logistic regression was used to estimate the association between NO 3 -N levels present in drinking water and colon cancer risk. Odds ratio (OR) and their 95% confidence intervals (95% CI) were calculated using the low exposure group as the reference group (Breslow & Day ) . The association between drinking water NO 3 -N levels and risk of colon cancer was stratified by Ca levels in drinking water. The analyses were performed using the SAS software (version 8.2; SAS Institute, Inc., Cary, North Carolina). All statistical tests were two-sided and values of p < 0.05 were considered statistically significant. 
DISCUSSION
This study used a death certificate-based case-control study to examine whether Ca levels in drinking water modified the effects of NO 3 -N in drinking water on risk of colon cancer mortality. We found that the risk of colon cancer mortality associated with high NO 3 -N levels in drinking water was elevated among those with low Ca intake from drinking water.
Our findings suggest that it might be important to consider the levels of Ca in drinking water in the evaluation of the relationship between NO 3 -N exposure and risk of colon cancer mortality. To our knowledge, this is the first study to report an effect modification by Ca intake from drinking water in the association between NO 3 -N exposure and risk of colon cancer mortality. Antioxidants that inhibit endogenous nitrosation include vitamin C and alpha-tocopherol, which can reduce nitrite to NO (Bartsch et al. believed that all colon cancer cases from high or low levels of NO 3 -N and Ca exposure in drinking water had Of greater concern is whether the relative levels of nitrate in the period around 1990 correspond to the relative levels occurring in periods 20-30 years earlier. This is important since it is likely that exposure to causal factors would precede cancer mortality (temporality). Nitrate contamination in public water supplies in Taiwan was due principally to the use of nitrogen fertilizers in areas of arable farming (Yang et al. b) . The historical levels of nitrates are not available for the study areas. However, it is assumed that the correlation between the levels of 1990
and levels in the past 20-30 years would be high since a municipality's urban development is gradual (the agricultural areas decreased gradually). Therefore we feel that the nitrate levels in 1990 were a reasonable indicator of historical levels occurring over the past 20-30 years.
Migration from a municipality of high nitrate and Ca exposure to one of low nitrate and Ca exposure or vice versa may have introduced misclassification bias and bias in OR estimates (Gladen & Rogan ; Polissar ). The individuals included in the present study were subjects whose residence and place of death were in the same municipality. In the event of a death in Taiwan, there is a social custom that the decedent's family always considers the death to have occurred in the municipality where the person was born. Therefore, the decedent's residence, place of birth and place of death are likely to be listed as the same municipality, although the place of birth information was not available for this data set. We believe that this ameliorates the migration problem (Yang ). In addition, mobility is age dependent, and diseases usually occur with a higher incidence amongst older groups and proximate to the location of the environmental 'cause' (Polissar ).
However, neighboring water sources tend to possess similar chemical composition (Flaten ) , and hence even if an individual moved, the change in exposure to nitrate and Ca in drinking water would probably not be significant provided that the new residential municipality is near their old residential municipality (or moving within the same municipality).
Also Taiwan's population is rather stable in terms of mobility compared with populations in most Western industrialized countries (Yu et al. ) . It was reported that more than 90% of rural residents lived in the municipality in which they were born for their entire life (Wu et al. ) . Further, urbanization levels were included as a control variable in the analysis. Since it is conceivable that municipalities with similar urbanization levels may have similar migration rates, this probably minimized the migration problem in our study. Furthermore, any misclassification of exposure is most likely to be nondifferential, which would reduce the estimated magnitude of association rather than introduce a positive bias in the estimation.
Since the measure of effect in this study is mortality rather than incidence, migration during the interval between colon cancer diagnosis and death must also be considered. In summary, our data suggest that Ca in drinking water modified the effects of nitrate exposure on risk of colon cancer mortality. Future studies should increase the precision of the estimation of the individual's intake of nitrates and Ca, through both food and water, and control for confounding factors, especially personal risk factors such as physical activity and meat consumption.
